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Questions have been raised about which experimental animal species might

be appropriate models for the risk to Infants/children of the Pb 1n urban
soils, mine wastes, Pb-ore concentrates, smelter wastes, and Pb-palnt
contaminated soils. Because of the potential effect of stomach acidity on
rate of dissolution of some forms of environmental Pb, a review of stomach pH
was undertaken. This text can be considered an extension of the review by
Chaney, Mlelke, and Sterrett (1989) on speclatlon and bloavallability of soil
Pb. I was asked to evaluate stomach pH of humans, pigs, and rats, because of
the apparent Importance of stomach pH 1n dissolution of PbS and soil Pb, and
the Indications from some scientists Interested 1n these questions that rats
may differ so much from humans 1n stomach pH that research conducted with rats
would not provide Information useful to risk analysis for human ingestlon of
soil and mine wastes. Many Superfund sites Involve mine wastes which appear
to contain predominantly PbS; If PbS has low bloavailability to humans under
normal environmental exposure conditions for the worst case children, the cost
of remediating smaller areas at these Superfund sites may be much less than if
the Pb 1n the mine waste/soil 1s considered to be as bloavallable as that in
soils contaminated by smelter emissions, automotive emissions, or paint
residues. These latter sources have been found to cause Increased PbB 1n
children exposed to soils when soil Pb exceeds 500-1000 rug/kg (CDC, 1985; EPA,
1989 OSWER directive; EPA, 1986 A1r Quality Criteria Documents; Duggan and
Insklp, 198S). Pb-B 1n children exposed to PbS 1n mine wastes or ore
concentrates appeared to have substantially lower response to this source thin
seen 1n other populations exposed to wore soluble Pb species 1n soil or dust
(Mlddaugh et al., 1989} Steele et al., 1990).

Research has repeatedly shown that PbS dissolution 1s very dependent upon
pH. The chemical solubility of PbS responds to both pH and particle size
(Healy et al., 1982; Roy, 1977). Because of the short Incubation of diet 1n
the stomach, and possibly because of the pH buffering of food, mine wastes,
and PbS, larger particle size materials should not be expected to be dissolved
1n the stomach. In the early 1900's tests were conducted to evaluate
dissolution of PbS vs other Pb compounds In gastric juice of a human
volunteer. PbS was very awch less soluble than Pb carbonates and sulfates
under the test conditions (Carlson and Woefel, 1913; Woefel and Carl son,
1914). Short term feeding tests by Barltrop Ind Meek (1975; 1979) using rats
showed a strong difference between Pb compounds and that larger particles of
paint or PbS had lower bloavallability. However, 1n one feeding trial with
humans, small amounts of finely divided PbS were fed to fasting volunteers
(Rablnowltz et al, 1980). The subjects absorbed the Pb Isotope from this test
material as well as they absorbed Pb nitrate from fasting stomach.
Unfortunately, Rablnowltz et al. did not test the absorption of PbS mixed with
food. Food would be expected to buffer stomach pH enough to sharply reduce
dissolution of PbS. Perhaps a higher dose, more similar to that which might
be Ingested by pict children would have raised stomach pH, or a larger
particle size more similar to environmental PbS, may have reduced the apparent
t>101 viliability of Ingested PbS by fasting adults. Chamberlain et al. (1978)
appear to have fed fine PbS with food and found about 6-12% absorption; I have
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not seen this British report.
Several •pproichts were used to search for Information about species

difference 1n stomach pH. I began by looking up references 1n the
microelement nutrition literature which have considered the pH of the stomach
and the duodenum 1n order to develop In vitro Fe b1oava1lab1l1ty assays.
microelement nutrition specialists were contacted (Miller et al., 1981;
SchHcker et al, 1981; Reddy et al., 1988). I was referred to scientists at
the National Children's Nutrition Research Center (USDA-ARS, Houston, TX) for
more specific data about children. I checked with swine nutritionists for
more data on pigs, and with other animal nutritionists for data on rats.

During this reading, I found that perhaps the most difficult part of
dealing with stomach pH 1s the need to consider both the fasting condition and
the effect of food (or soil) on pH of the stomach contents. The number
generally described as the pH of the stomach 1s the pH of gastric fluid
secreted by fasting Individuals. Actually, much 1s known about this because
the importance of gastric fluid pH on ulcer development 1n humans.
Hereditary, hormonal and dietary Influences on gastric add secretion cause pH
to vary from 1.0 to 2.5 (or even as high as 7 with poor ability to secrete
stomach acid, e.g. achlorhydria; Bezwoda et al., 1978). However, as soon as
food 1s ingested, the buffering capacity of the food causes the pH of the
stomach contents to rise (Longstreth et al., 1975; Malagelada et al., 1976;
Malagelada et al, 1977; Malagelada et al., 1979). Many of the techniques were
developed and studies were conducted to learn more about the nature of ulcer
disease 1n humans, a result of excessive gastric add secretion or sensitivity
of stomach or duodenal tissues to stomach add. Compounds used to counteract
ulcer Inhibit acid secretion, and raise the pH of the stomach (e.g. Lucey et
al., 1989). Antacids also react with gastric adds to raise stomach pH.
Surely soil would also cause the pH of the stomach to rise. Presence of
CaCO,, especially finely divided CaCO, In calcareous soils, but also neutral
soils with higher cation exchange capacity, would cause a similar rise 1n pH
of the stomach contents.

In searching for further Information about stomach pH of pigs, etc,, I
contacted swine nutritionist Or. Normal Steele, USDA-ARS. He noted that pigs
nay maintain a higher pH in the stomach because of the amount of saliva
secreted.

1 contacted Dr. Walter Mertz, Chairman of the Human Nutrition Research
Center at Beltsvllle to find names of some experts on stomach pH of children.
He referred me to Dr. Peter Reeds of the Children's Nutrition Research Center,
Houston. He 1n turn referred me to Dr. Rob Shoreman. Shoreman suggested that
the normal gastric pH 1s 1-2 In each rats, pigs, and children. Textbooks on
pediatric gastrointestinal physiology Include 2 edited by E. Levlnthal. He
referred me to Dr. Susan Harming, a specialist In gastrointestinal physiology
and development who had been doing some work Pb absorption from milk by Infant
rats as part of her research on development of gastrointestinal functions.

In discussion with Dr. Susan Kenning (713-798-7084), Children*' Nutrition
Research Center at Bailor University, I learned about her work on uptake of Pb
from milk by infant rats. Infant (pre-wtanlng, < 24 days old) rats have high
stomach pH (6-7), and the transition to strongly addle stomach pH 1s delayed
compared to children (TakeucM et al, 1981; ). She found that *"Pb added to
rat milk 1s mostly bound by casein, and that passage through the infant rat
stomach does not separate Pb from the casein. She also found that most of the
enhanced Pb uptake rate of the Infant rat (BOX compared to <10 X in adult rats
fed the same milk test diets) occurs In the 11eua (probably by pinocytosls),
rather than 1n the duodenum where Pb uptake occurs 1n older animals. She felt



that, In ganaril, everything about gastrointestinal physiology in the pig 1s
closer to humans than 1s that of the rat. This Is especially so In tht Infant
rat before waning where stomach acidity 1s extremely different from pigs and
humans. However, she did not believe data were available to show that 100-150
g rats were an appreciably less appropriate dietary model for 18 month old
children than weaned pigs would be. (She referred me to two rat stomach
experts, Or. L. LUchenberger at Univ. Texas [713-792-5279] and Dr. Leonard R.
Johnson at Memphis [901-528-7088]).

I was able to contact Or. L.R. Johnson who had done extensive research on
gastrointestinal physiology with rats. He noted that a likely source of
possible misunderstanding about stomach pH results from the way we manage
rats. The fasting rat stomach fluid pH 1s 1-1.5; however, the rat usually
eats Intermittently/continuously (nibbles), and much data about rat stomach pH
shows a higher pH level because food 1s present In the stomach. The human
eats meals, and accumulates a "basal" gastric fluid of pH 1-2 1n the antrum of
the stomach. But when food Is Ingested, the pH rises to 5-6. The rat
continuously secretes stomach add, and secretion responds to several hormone
activities. The human has a low basal secretion, but hormones significantly
Increase add secretion when food 1n Ingested or the stomach 1s distended.
When fed rat chow, rat stomach empties slower than do human stomachs, but this
may be an artifact of the highly digestible type human foods compared to rat
chow. He feels that rat and human stomach pH levels are not that dissimilar,
and that rats are a valid model for processes which are pH dependent such as
PbS dissolution. Both secrete a solution which is about 150 mM HC1. He
referred me to a general old paper of his on add secretion by the rat (Proc.
Soc. Exp. B1o1. Ned. 131:186-188, 1969), but thought this ha* no specific data
about stomach pH, but may cite some. He felt we would be wise to test the pH
of stomach contents of rats, people, and pigs fed the purified diet generally
agreed necessary for valid assessment of soil Pb bloavallabllUy.

I contacted Dr. PhylUs Johnson, USDA-ARS-firand Forks Human Nutrition Lab,
a nutritionist who collaborates with me on bloavallabllUy of food Cd. After
noting the aspects of PbS, soil Pb, stomach pH, effect of food, etc., we
discussed appropriateness of animal models for soil Pb bloavallablllty to
humans. She knew of no specific reason to reject the rat 1n favor of the pig
since both have basal gastric fluid pH similar to humans, and likely have
similar pH of gastric fluid + purified diet (AIN-76 Purified diet has low
buffer capacity compared to many foods). One point came from this discussion
that might be of Importance to with meal/between meal so1l-Pb risk. It 1s
possible that the add secretion pattern of rats, pigs, or humans given meals
nay be somewhat different than the same animals given food td lib. In testing
the with meal, between meal comparison, one might need to consider 3 groups:
1) soH-Pb vs. Pb-acetate supplied mixed with food, supplied ad 7/6; 2)
so1l-Pb vs. Pb-acetate supplied mixed with food to meal-fed animals; and 3)
so1l-Pb vs. Pb-acetate supplied after fasting (between meals) to meal-fed
animals.

In discussion with Dr. George W. Bates (Texas AIM University), I learned
about stomach pH of pigs Ingesting a pinto bean meal. Dr. Bates has been
studying the b1oava1lab1l1ty of food Fe, and trying to develop in vitro
methods to assess the bloavallabllUy of Fe. Their in vtvo work used
cannulated 'Sinclair' miniature pigs he could feed test meals and sample
gastric fluid and duodenal fluid. He has not measured the pH of the stomach
fluids before or long after food Introduction 1n his experiments. A pinto
bean meal caused stomach pH to be S.I. 4.0. and 3.1 at 30. 60. and 90 minutes
after Introduction of the homogenized slurry of pinto beans test meal (not by
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stomach tubt) (Reddy et al., 1968). These pH 1 avals are vary similar to tha
results for adult huaans from Miligaladt at al. (1976; 1979). In aarllar work
on 1n vitro Fa b1oava11ab1lty, Batas utad pK 2 to simulate stomach (Kojlmt at
al., 1981; ; upon finding tha pH of pinto btan dlgasta did not go below 3, he
has now switched to pH 3 for tha In vitro work as wall (Reddy et al., 1988).

There have been a few studies of the absorption of Pb by swine. Most of
the work Involved very high feed Pb concentrations to examine Pb toxlcity.
Practical diets were used rather than purified diets which allow much higher
Pb b1oava1lab1l1ty. Link and Pan singer (1966) described Pb toxldty 1n swine.
Hsu et al. (1975) examined the factorial Interaction of dietary Ca (0.7% vs.
1.1X) with toxic levels of Pb (1000 mg/kg) and Zn (4000 mg/kg) in swine.
Hlghar dietary Ca reduced blood and bone Pb and Zn; however, Increased dietary
Zn Increased Pb deposition and toxlcity. The test diets were begun at 4 weeks
(about 7.5 kg), and fed for 9 or 13 weeks. Sharma et al. (1982) evaluated Pb
deposition 1n food tissues of several species of livestock, Including swine.
Because they used only about 5 and 25 mg Pb/kg addition to practical basal
ration which contained 2 mg Pb/kg, they found little change In tissue Pb. The
test diets were fed for 12 weeks. There was no change 1n Pb 1n skeletal
muscles, but Pb level In bone, Hver, and kidney were Increased 1n relation to
Increasing dietary Pb dose. Younger pigs had somewhat higher levels of bone
Pb than did finishing pigs fed the same diets. Upon cessation of the test
diets, Pb In kidney and liver dropped to background levels. At the levels
tested, Pb had no effect on gain or feed consumption.
CONCLUSION:

Stomach pH of rat, pig, and human children are not different enough to
justify use of pig rather than rat in assessing bloavallability of Pb in soils
and mine wastes. Considering that 6-10 replicate animals are required for
each dose of each material to be tested, pigs would require more expensive
facilities or longer tine to obtain needed information on the effect of soil
and mine waste properties on the bloavillability of Pb 1n these materials.
Rats are appropriate for the more extensive studies, while Important
principles should be confirmed 1n pigs. Because of the potential extreme
public expense In remediating Pb polluted urban soils and mine wastes,
selected very Important principles might need to be confirmed In primates to
win public acceptance of these costs.

Under the conditions normally recommended for rat bloassays of Pb
bloavallablUty (120 g animals, long after weaning; 30 day feeding; purified
diet; sub-toxic maximum dose), rats, weaned pigs, and children with
significant risk from soil Pb (> 12 months), have very similar stomach pH.
Each secretes gastric add with about 100-150 mH HC1 (pH 1.3-1.5) In response
to digestion hormones. However, perhaps also very Important, food and soil
can buffer the pH of the stomach to high levels, > pH 6, greatly reducing
dissolution of environmental PbS. Limestone 1n soil or mine wastes, or higher
cation exchange capacity neutral pH soils might consume gastric acidity and
thus allow the digests to enter the small Intestine without receiving the
strong add attack normally assumed to take place 1n the stomach.
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Ingoatlon of Pb bafora tha voluntaara bagan tha atudy. Thia 1nd1eataa that flnaly dlvldod PbS. fad to
fatting humant, waa at bloavaOabla aa aolublo Pb aalta. Howavar, othar raaaarch 1nd-icatai that
gaitrle pH ii atrongly affaetad by praaaiw* and buffaHng ability of tha food. Similarly, phytata and
Ca^P from foodi can praclpltata dlatary Pb.

Reddy, M.B., E.J. Browder, and G.W, Bates. 1988. Cannulatod swine and 1n
vitro approaches to Iron bloaval lability, pp 173-185. In A.S. Prasad (ed.)<
Essential and Toxic Trace Elements In Human Health and Disease. A.R. L1ss,
Inc., New York. yCopy/

Praiant raaaareh on dlgaatlon of ft fron pinto baan taat maal by mlnlatura iwina utad aa nodal for
human digastlon of dlatary Fa. Tha pH of tha gaatrle eontanta roaa to 5.1 by 10 m1n. ifttr tha baan
• lurry w«t aupplltd to tha plgt, and fall » lowly. Food can raUa atomach pH aubitantUlly In pigs.

Reddy, M.B., M.V. Chldambaram, J. Fonseca, and G.W. Bates. 1986. Potential
role of 1n vitro Iron bloava 11 ability studies In combining Iron deficiency:
A study of the effects of phosv1t1n on Iron mobilization from pinto beans.
Cl1n. Physlol. Blochem. 4:78-86.
Rodbro, P., P. Krasllnlkoff, P.M. Chr1st1ansen, and V. Bltsch. 1966. Gastric
secretion In early childhood. Lancet 2:730*731.

Studiad normal haalthy ehlldrtn agad 11-SO aontha of ago. Uaad nawar mthod to aaooaa aeld tacratlon
In which d(g«tt1vt honaonaa art Injaetad to that tha ability of tha toat aubjaett to aoertta acid it
avaluatad. tha nathod already In uaa for atudy of adult ». This work avaluatad oldor chlldran than
daterlbad In tha Agunod at al. 1*M atudy of naatorn oMIdran. A naao gaatrlc tuba waa uaad to aampla
tha atovach contantt aftar admin lit ration of homona. Tha chlldran aacrttod atgnlf leant ly laaa acid
than nonaally aocrttad by adulta. Othar workort (Dorm. 1971; Flgurt 1) ca leu la tad add aaorttlon par
Kg body waight, ind found that tha aiawnt of Mid aacratad mq/hr/kg by chlldrwi waa qulto alvllar to
adultt.

Rodbro, P., P.A. Krasllnlkof, and P.M. ChHstlansen. 1967. Parietal cell
secretory function 1n early childhood. Scand. J. Gastroenterol . 2:209-?.

Not at Nat. Agr. Lib.

Roy, B.R. 1977. Effects of particle sizes and solubilities of lead sulphide
dust on mill workers. Am. Ind. Hyg. Assoc. J. 38:327-332.

15 nlll workara wara tamp lad for axpeaura ualng paraonal air tanplara, and Pb-l. Thara wai Httla
ralatlonahlp batwam apparant axpoaurt to total or rtaplrabla duat and Pb*l. Tha galana oxnlnad had
an accaaaory rook of dolomUlc llmatona. Saaplaa of era eonccntrata, aeramad to (00 awn, wara
dlttolvad undor varlod condltlona of pH, tlna, end taaparatura. Uaod pH 1.3 or 1.6 MCI to alnulata
gaitrlo Jutoa. In aona, noutralltad thla aolutlon aftar Incubation ovamlght. Only 0.77-1.89 (a*tn
0.04) X of ora Pb wat dlaaolvad undar th« eondltloni ttudlod. If nautra Iliad. «oat than praclpltatad.
pH 1.3 ii o.l N HC1, cemenly ballavad to to tha pM of huwn fatting gaatrlc Julca. Exact data 1 1t of
tha axtractlona ara not claar from tha ttxt (II f or* cone., 4 unknown voltaaa of acid, with althar HC1
of known atrangth addod or tha Mlrtura adjuttad to known pH).

Schrlcker, 8.R., D.D. Miller, R.R. Rasmus sen, and D. Van Campen. 1981. A
comparison of 1n vivo and 1n vitro method* for determining availability of
Iron from meals. Am. J. Cl1n. Nutr. 34:2257-2263.
Sharma, R.P., J.C. Street, and J.L. Shupe. 1982. Translocatlon of lead and
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cadmium fron feed Into edible tissues of swine. J. Food Saftty 4:151-163.
Spenney, J.G. 1979. Physical che*1eal and technical limitations to
1ntragastr1c tltratlon. Ststrointtrol. 76:1025-1034.

DaUUad review of the Mthoda to naaaure gaatrle add accretion. Depending on the ondpelnt pH used
1n tha tUratlon. aignlfieant error can be Introduced. 01aeuae1on of nonoal acidity of atomch 1n
relation to making theae raeaaurementa.

Steele, M.J., B.D. Beck, B.L. Murphy, and H.S. Strauss. 1990. Assessing the
contribution from lead in mining wastes to blood lead. Regulat. Toxlcol.
Pharmacol. In press.

Detailed review of the nature of Pb In nine waatea, and tha available data whleh Indicate that PbS ha*
lower eolublltty and bioavallability than "aoll Pb" or "duat Pb".

Takeuchl, K.» W. Peltsch, and LR. Johnson. 1981. Nucosal gastrln receptor.
V. Development in newborn rats. Am. J. Physlol. 240:6163-6169.

Study of development of add accretion and aensltlvlty to gaatrln In rata In relation to development.
Data normally have poor add accretion until about the time of weaning. At that time, acid iteration
beglna to approach adult lavela, with stomach pH about 1.5-Z. Injection of gaatrln to prt-weanad rati
did not induea the normal add secretory reaponac to thla hormone. Thla work ahowed that the rat
tlaauea are not aenaitive to gaatrln. and do not have aurface receptora for thla hormone, until about
the tine of weaning, about (0 dayi after birth.

Woefel, A., and A.J. Carlson. 1914. The solubility of lead sulphide ores and
of lead sulphide 1n human gastric juice. J. Pharmacol. Exper. Ther. 5:549-
552. yCopy/Summ.

Quaatlona of magnitude of difference between PbJ end White Pb (batlc Pb carbonate) eauaed them to
obtain data on PbS clmllar to their earlier data on carbonate and aulfate of Pb. They had a human
with permanent gaatrie fiatula. They gave hf» food to got hi* eecretlng atenach acid, and eollectad
the aaatric fluid for aolubtllty teat1no. They obtained ore coneentratee fro* Mlaaourl, about ?OX Pb.
They combined 0.8 g Pb teat material, tl ai «aetr1o juice, and IS ML dlatllled water; incubated for 10
hr at U*. The % of Pb diaaolved fro* th* Ptdoral Concefitratcr • 1.84; fro* the Oeloga Concentrator •
1.38; from the St. Joeeph Pb Co. • S.M; (ore* averaaed l.»); while laboratory grade PbS • 4.65.
Theae were aomewhat lower than Pb-aulfate • I.7X, end Pb-carbonate • 40. The authora enphaaized that
PbS wat Indeed aoluble In gaatrle Juice, and Blajht be able to eauaa exeeaalve PbB in worker i, the
original queetlon being OKeetlned.



OTHER REFERENCES CONSIDERED.
Beach, J,R. ind S.J. Manning. 1988. The distribution of laid 1n milk and the
fate of milk lead 1n th« gastrointestinal tract of suckling rats. Pediatr.
Res. 23:58-62.

Hennlng, S.J. 1987. Functional development of the gastrointestinal tract.
pp. 285-300. in L.R. Johnson (ed.) Physiology of the Gastrointestinal Tract.
Second Edition. Raven Press, New York.
Manning, S.J. and L.C. Cooper. 1988. Intestinal accumulation of lead salts
and milk lead by suckling rats. Proc. Soc. Exp. Blol. Med. 187:110-116.
Hennlng, S.J. and L.L. Leeper. 1984. Duodenal uptake of lead by suckling and
weanling rats. B1ol. Neonate 46:27-35.
Hennlng, S.J. and L.L. Leeper. 1984. Effect of cortisone on Intestinal
uptake of lead In the suckling rat. 61ol. Neonate 46:249-253.
Schulman, R.J., S.J. Hennlng, and B.I. Nlchols. 1988. The miniature pig as
an animal model for the study of Intestinal enzyme development. Pediatr. Res.
23:311-315.

Papers sent to ne by Dr. C.P. We 1s (EPA, Region 8) to support selection of
pig as test animal for Pb faloaval lability testing with soil and mine wastes:
Miller, E.R. and D.E. Ulley. 1987. The pig as a model for human nutrition.
Ann. Rev. Nutr. 7:361-382.

Newport, H.J. and M.J. Henschel. 1984, Evaluation of the neonatal pig as a
model for Infant nutrition: Effects of different proportions of casein and
whey protein 1n milk on nitrogen MtaboHsm tnd composition of dlgesta 1n the
stomach. Pediatr. Res. 18:658-662.

••port! digestion of liquid Mllka with dlfferont concentration of protein tnd different ntloe of
caaetn tnd whty protolna. Ttit dlttt Mrt fod for II day* fro*. birth; 1 hr aftor « food, tho plgt
wore killed tnd ttoatch contents obtained for examination, Aanno, neatly nitrogen baUne* Information,
thty report tht pH of ttameh eontontt. Pro* thotr Tab It 6:

FMd Tnt̂ i Caaain'Whtv ratla af dl
•i/kg/day"

15 IS 15 U Proiiln (g/L)
—Stomch pH 1 hr after food--

ISO 3.01 3.46 Ml t.M
375 t.U t.lt t.tt t.n

Houpt, K.A., T.R. Houpt, and W.G. Pond. 1979. The pig as a model for the
study of obesity and of control of food Intake: A review. Yale J. Blol. Med.
52:307-329.

Mvliw of ragulatton of food intakt by pig as Medal for humn. No information about (temaeh pH.

Fleming, S.E. and D. Area. 19 . Using the pig to study digestion and
fermentation 1n the gut. Reference not provided on reprint.

Evaluation of food •ovamnt through tha pig ualng eannula In tha dlgoatlva tyttaa and In tha portal
vain tnd carotid artary. Oburvad truiafar of nutrlanta Into tha blood In relation to dlgtatlon,
Naaiurod votatlla fatty acid abaorptlon, and volatllo gaa Mlaaloni. Uaad Yucatan Miniature twine.
Taitad control fiber fraa diet va throa dlota with 40X varloutly mod1flad rod kldnty boani. No
infomatlon about itonaeh pH In thla papar.
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Noazam, F., R.L. Miller, B.N. Rodgers, J.L. Talbert, and J.E. Mc6u1gan. 1980.
Fasting and postprandial serum gastrln 1n neonatal swine and changes following
antrectomy. J. Surg. Res. 28:39-43.

•eonatal ewlne aha* Unit InereoM tn eoorttlen tf tht hormone »§aetHn» \n reeponoe to eating.
Adulta ahw Barked eecretlcn of natrin in raaponai to feodlna, end teetrtn Induooe increased volune
of M* ret Ion of aeatrle acid into tht itoMeh of avet aMMla. No MaauroMnta af comic eeld
aacretfen war* Bade in thla reeaereh. No information about atomeh pft of plga in thta paper, other
aaaciaa have ahow no raapona* of etoMoh to injeeted gaatrin In the naonata coopered to adults or

nlfnaa.

Cheng, S.-F., R.J. Schanler, and H.-P. Sheng. 1989. The miniature piglet as
a model for the assessment of calcium b1oavailab111ty. Pediatr. Res. 25:286A.
Abstract only.

Tasted Ca abaorptlon by neonatal Miniature ploi aa nodal for Ca abiorptlon by prater* human infant*.
Concluded uaaful nodal regarding Ca supplements for illk to be fed to praterm infants. No information
about pH of atonach.

Dodds, VI.J. 1982. Symposium Report: The pig model for biomedical research.
Fed. Proc. 41:247-256,

D1acuii1on of nutrition, disease, physiology, etc. of pig compared to human. No Information about
stomach pH 1n any report at

Papers on role of gastric nucus and the mcus-bicarbonate barrier to
protect the tissue which lines the stoatach frou stomach acid.
Williams, S.E. and L.A. Turnberg. 1980. Retardation of add diffusion by pig
gastric mucus: A potential role In wicosal protection. Gastroenterol.
79:299-304. [Microelement 81otvi11 ability: fiastrlc Mucus Barrier - M1sc.
Auth. yCopy/Sumo.

Conduetad dlffualon oxporlawita to dataralna whathar gutrto lueua frow pig atomeh aarvad aa a
dlffuafon barrlar to aotd. Found that oiueua dalayvd dlffualon. So did fHtar papar. Stopa flew,
Sarvti aa an unatlrrod layar through ufctoh d1ff«1on Mat oeour.

Qulgley, E.M.M. and L.A. Turnberg. 1987. pH of the microclimate lining human
gastric and duodenal mucosa 1n vivo. Gtstroenterol. 92:1876-1884.

Cxanlnad li*1nal and juxtanuooaal pH In difftrtnt poaUioni along tho dlgaitWa tract 1n hunani t
duodanal uleor. AWyi found pH mar tha MOON MM naartr neutral than waa tha Iwan. Ballavad dua
to wwua-btoartoonata barrlar. Ulcar patlonta wara l«n abla to maintain nautral tont adjacant to the
•ucoae than Mra nomel oortona. 6aatr1q fundul: t.Ol *0.17 In lumn but 4.64 * 0.37 at wcoaa;
oaatrle body: LSI a O.lt In luaan but 5.S aO.lS at ameoaa; gaatrle ant rum: 3.52 a O.S4 but 5.42 tO.?9
at Hueoaa. Whan tha atonaeh MI porfuaad with pM t.O aallna, almllar dlffaronoa. If parfuaad with pH
1.5, aom of tha dlffaranew daellnad.

Ross, I.N. and L.A. Turnberg. 1983. Studies of the "mucus-bicarbonate"
barrier on rat fundlc mucosa: The effects of luminal pH and a stable
prostaglandln analogue. Gut 24:1030-1033.

Uhan fluid Ma 2.0. nueoaal layar pH MI a» hlajh aa T.I. Supporta buffer «acration concept. Uied
exelaad, parfuiad itomaeh of rat.
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